Role of mitochondrial activation in PACAP dependent neurite outgrowth.
Pituitary adenylate cyclase-activating polypeptide (PACAP) increases neurite outgrowth, although signaling via its receptor PACAP-specific receptor (PAC1R) has not been fully characterized. Because mitochondria also play an important role in neurite outgrowth, we examined whether mitochondria contribute to PACAP-mediated neurite outgrowth. When mouse primary hippocampal neurons and Neuro2a cells were exposed to PACAP, neurite outgrowth and the mitochondrial membrane potential increased in both cell types. These results were reproduced using the PAC1R-specific agonist maxadilan and the adenylate cyclase activator forskolin, whereas the protein kinase A inhibitor H89 and mitochondrial uncoupling agent carbonyl cyanide m-chlorophenyl hydrazone (CCCP) inhibited these effects. Expression levels of peroxisome proliferator-activated receptor γ coactivator 1α (Pgc1α), a master regulator of mitochondrial activation, and its downstream effectors, such as cytochrome C and cytochrome C oxidase subunit 4, increased in response to PACAP. Knocking down Pgc1α expression using small interfering RNA or treatment with CCCP significantly attenuated neurite outgrowth and reduced the mitochondrial membrane potential in PACAP-treated cells. These data suggest that mitochondrial activation plays a key role in PACAP-induced neurite outgrowth via a signaling pathway that includes PAC1R, PKA, and Pgc1α.